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Paur ny6JIHK8!1HA 06be,nHueuuoro HHCTHTyTa ll,nepuhlx 
lfCCJie,noBaHHA 

IlpenpRHTbl H C006ll.1eHHJl 06'be)lHHeHHOrO HHCTHTyTa 1l.D;epHbiX 
BCCJie,llOBaHHjj /OJ.IJIJ.f/ .I!BJUUOTC.Il caMOCTOJITeJibHbiMH IIy6JIHKallHJIMH. 
Oua HJJlaJOTCR a cooTBeTcTBHH co CT. 4 YcTaaa OIUIH. 0TJIR'4He 
npenpHHTOB OT C006WeHH8 JaKmoqaeTC.R B TOM, 'lfTO TeKCT npenpBHTa 
6y.o;eT BllOCJlC)lCTBHH BOCITpOH3Be.D;eH B KaKOM-JIH60 aaytJHOM mypuane 
HJIH anepao.o;at.tecKoM c6opuuxe. 

11u,neKca!1Hll 
IIpenpaurw,coo6UleHHJI H .uenouapoaaHHbie ny6nuKaUHH OHRH HMeJOT 

e,IIHH}'lO uapacTarouryro nopJIJlKOBYJO uyMepaU,HIO,cocTaamnolUYIO nocneJl· 
uae 4 uacilpw HH.lleKca. 

IlepsbiH Juax uu.nexca - 6yxaeuuhiii - MO:>KeT 6MTb npe,n;cTasneu 
a 3 aapeauTax: 

"P" - HJ,llauae ua pyccxoM RJhl'Ke; 
"E" - HJJlanae ua aurnuH:cKoM RJblKe; 
.. }:(" pafiOTa ny6JIHKyeTC.II Ha PYCCKOM H aurnHHCKOM lt3biKaX. 
TipenpHHTbl H C006ll.leHHH, KOTOpble paCCblJiaiOTCH TOJlbi<O B CTpaHbi· 

yqacTHHUhl QJ.I..Sllf, 5yKBeHHbiX HH,il'eKCOB He HMelQT. 
Ua4lpa, cnen.yiOIUaH 3a 6yKBeHHbiM o6o3Ha1.feHHeM, onpen,enxer 

TeMaTH'ieCKylO KaTerOpHlO .LJ.aHHOii ny6nnKaUHH. llepe\feHb TeMaTH\feCKHX 
Kareropuii H3.IlaHH8 OHRH nepuo.nnqecKH paccbinaerc}l nx nonyt.tarenHM. 

HH.neKCbi, onncaHHbte Bblllle, npocraanxrorc11 a npaaoM aepxHeM 
yrrry Ha 06JIO}f(Ke H THTYJibHOM JIHCTe Ka:>K,IlOrO H3JlaHHJt. 

CCbiJ!Kif 

B 6a6nuorpatfluqecKHx ccbiJ1Kax Ha npenpuHTbl a coo6meHHH OH.Hl1 
Mbl pCKOMeH.IlYeM yi<a3bJBaTb: HHHUHaJibi H $aMHJIHlQ aaropa, n.anee -
COI<paiUeHHOe HaHMeHOBaHHe HHCTHTyra- H3.LJ.a TeJIH, HHlleKC, MCCTO H roll 
H3llaHHR. 

IlpHMep 6n6nuorpatflaqecKoH CCbiJIKH: 
H.H.HaaHoe. OH.HH, P2-4985, JJ,y6Ha, 1971. 
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1. BBE,!1EHHE 

BhlnonHeHHble a nocne.nHue rO.Ilbl MHoroqucneHHble 3K

cnepBMeHTbl no peaKUBllM JIBYXHYKnOHHOH nepe)la'IH noKaJa

JIB, l.JTO Cel.JCHHJI pe&KUH:ii ,P,JlH nepeXO)l.a B OCHOBHble B p.RJ], 

B036Y>KJJ.CHHbiX Q+ -coCTO.RHBii, llOJiy1..fHBWHX Ha3BRHBC "nap

HhiX", 3HR"'BTCJlbHO npeBOCXO)l,JlT CCY:CHHJI B036Y>K.ltCHHJI 

OCHOBHOH MaCCbl ll)lepHbiX YPOBHeH. ,l],nll 06bl!CHeHHll 3Toro 

\llaKTa 6blna npe)lnoJKeHa lj>eHoMeHonorH'IecKall MOJlem. Kon

neKTHBHbiX "napHhlx" BOJ6y)l(.neauii /l-4/. B paMKax /5-8/ 

3Ta lj>eHoMeHonorH'IecKall MO)lenh 6blna o6ocHoBaHa MHKpo

cxonu'leCKH. BwnonHeHHhlii a /B/ pac't.feT 3Hepruii u aonHo

BhiX lityHKUB:ii "napHhi.X" Q+- COCTOJIHHH llOK&3aJI, "'TO npH 

paccMoTpeHHH l!Jlep A~ 46~64, Bo-nepBLIX, Henh3ll orpa

HuquaaTLCJI Y"'CTOM HC60JibWOrO "'BCna KOH~HrypaUHii, KRK 

3TO .11enanocb B PJI.lle qucTo o6ono'le"'HblX pacY:eToB, ao

sTop:wx, HCllb3JI paCCMaTpHB&Tb KOllJICKTHBHblC COCTOJlHHJI 

HB B rapMOHH'ICCKOM llpH6llH)I(CHHH, HB B npH6JlB.>KCHBH npe

.zteJlbHO CBllbHblX napHbiX KoppellJlU.Bfl, KOf,llR B03MO)KCH llBWb 

O)IHH TBn KOnneKTBBHOrO )lBBlKeHHll - BpallleHHe B lj>aJOBOM 

a BJOTOnH'IeCKOM npocTpaHCTBax /I( B ll)lpax c A- 56 pea.'la-

3yeTCJI npOMe>KyTO"'Hblii cnyqaB., KOr.D,a unapHble" 0+ • CO· 

CTORHBR gsngiDTC~ COCTOJIHHJIMB aHrapMOHHl.JecKoro BH6pa· 

TOpa. B JIRHHOH pa6oTe Mbl npoBepHM cnpaBe)lnHBOCTh 3TBX 

BLIBOJIOB, RHanH3Hpyll )laHHble no peaKUHllM JIBYXHYKnOHHOH 

nepe)la'la. 

Heo6XO)IHMO OTNeTHTh, 'ITO Ce'leHBe 3THX peaKUHH He 

MOJKeT 6b1Th lj>aKTOpH30BaHO Ha CTpyKTYPHYIO H KBHeMaTa

qecKyiO 'IRCTH. fi03TONY He BCer)la MOlKHO 6y)leT CKaJaTh, 

B 'leM npB'IBHa paCXOJK)leHBll TeopeTB'IeCKHX peJynhTRTOB 
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C 3KCnepHMeHTanhHhlMH - B rpy60CTH nH HCnOnh3yeMhlX npe.nnono>KeHHii: 0 .AHHaMRKe peaKUHii: HJIH B HenpaBHJihHOM pacqeTe cneKTpOCKOnH'IeCKHX $aKTOpOB. 
B pa3.Qene 2 Mhl onHIUeM He06XO.QHMYIO .QnH Bhi'IHCneHHB ClleKTpOCKOfiH\.feCKyiO tfaCTh pacl..feTOB, B paJ.IJ,ene 3 · MeTO.[( Bhi'!HcnerruH ceqerraii. llonyqerrHLie peJynLTaThi 6y.QyT o6-CYlKAaTLCH a pa3)lene 4. 

2. CllEKTPOCKOllH'IECKHE <PAKTOPbl 

.LJ;n.H onucaHHH paJJIH\.fHhiX aeraeii "napHblX" o+- BOJ • 6YlK.QeHHB, CBH3aHHhlX C )l06aaneHHeM /y)laneHHeM/ nap HYKJIOHOB, B pa6oTax / 5 - 8 / 6biJIH BBe,neHhl 6030HHhle onepaTophi f3t.
11 

, f3k+f1 ({3\__ , f3k_p ). 3)lech 11-KOMflOHeHTa H30CfiHHa, a HH.IJ,eKC k- HOMep B~TBH B036y)l()leHHB. KalK)laH H3 3THX BeTaeii xapaKTepaJyeTCH 3Hepraeii B036y>t<.IJ,eHHH Wk HH>Kaiimero o+-cOCTOHHHH .rtaHHOro THna H cneKTpOCKOnH'IeCKHMH $aKTOpaMH )lnH peaK)lHH .!IBYXHyK-JIOHHOii nepe.Qa1..fH, CTpyJ<TypHbie qaCTH KOTOphiX a k 
5 Is - KBaHTOaoe '!Hcno O.QHOHyKnourroro cocToHHHH/, Bhl'IHCneHHbJe B rapMOHHlfeCJ<OM npH6JIH)KeHHH, CJie.IJ,yiOutHM o6pa-30M Bbipa>KaiOTCH qepe3 BBeJJ;eHHhle B .8.1 K03$ilHUHeHTbl k -k 

u s ' us 

ak =sign (uk l\iukuk s s s s 
Ko3~HAHenThl u k , iik ycrarraBnHBaiOT CBH3h MelKJ\Y . s s + on epa TopaMH polK.QeHHJI H YHH'ITOlKeHHJI A , A (A! fl , A"- fl l nap qacTHil /.QhlpOK/ B cocro

5
JI1&JIX s ""i&.)lle /ua3ke/ noaepxuocru <I>epMH H 6o30HHhlMH oneparopaMH · 81, 

A+ 
s fl 

7 b + 
s_f1 

A+ 

·~ 

4 

7 b+ 
s.p. 

A 
s +fl 

~ 
l/2 

~ ~ l/2 
Q "+ T 1 

7 b 
S+Jl. 

l/2 
1/2 

1 

1 ~ -21+1 + + 
1 V-r[(bs+bs)Tbs) lp. 
'I 

A ~b 
s J1. s J.L 

k± b+ = ~ ( u 
s±p. k "± 

b = ~ <u kt 
s± P. k "± 

. 1/2 

_9_ ~ \1/2 
0 s_ T ( 1 

1/2 

1/2 

1 

1\-1 y/~+1 [b:_lb._bs91t.t' 
'I 

l"""f' k-+ + f\_ ) . 
f3k±p. 

+ (-1) u /I/ 
"± + 

-p. 

1-p. k_ + 
) . f3 + (-1) (I" + f3 k ± fl s + k - -p. - + 

B ma6A. 1 npuae.QeHhl pacc'luTaHHhle JHa'leHHH 3Hepruii w k B aenBl.fBH a ks . BHJlHO, "'TO pemeHHJI c k ../ 1 ne)KaT BbiCOKO IIO 3HeprHB. KpoMe Taro, TOJlbKO B cnyqae BeTBeif C k =I /Mhl 6y.QeM rra3hiBaTh HX KonneKTHBHhlMH/ cneKTpoCKOIIH'ICCKHC lj>aKTOpbi a ks HMCIOT O)l.HHaKOBble 3HaKH, \fTO npHBOJl.HT K KorepeHTHOMY ycHJICHBIO B CC'-ICHHJIX peaKUHii Jl.BYXHYKJIOHHOii nepeJJ.alJ:H. ll03TOMY H3 DCCX 60JOHHblX onepaTOpOB B )J.aJibHeiirneM Mbl coxpaHHM TOJlbKO KQJIJICKTHBHbiC 

f3t+f1 .flit~ -,l\JIH OIIBCaHHJI KOJIJICKTHBHblX "napHbiX" 0+ ·COCTOJIHHii B /S-8/ 6bJJI IIOCTpOCH KOJIJICKTHBHhlii raMHJihTOHHaH, co6· CTBeHHhle $yHKilHH KOTOporO rraii.QeHhl B pe3YflbTaTe qucneHHOrO peiUeHHJI ypaHHeHHJI lllpe.QHHrepa. C noMOU\hiO 3THX $yHKilHH Mhl paCC'IHTanH cneKTpOCKODH'!eCKHe $aKTOphl: 

B(s;1,2h<21A+ ll>="ign(<21A+ ll>,lv<21A+ l,l>,<l!A 12> /l Sfl SJl b sp. b S/1 j_J' 

r.Qe < 2 I A :p.11 > Jj oJrra'!aeT ycpe.Qrreune KOnneKTHBHOii qacTH 6o30HHoro o6pa3a /1/ onepaTopa A+ no KonneK-
THBHhlM COCTOJIHHHM 11 > [) , I, 2 > Jj . 'I' B .QanLueiiiUeM Mhl 6yAeM Bhl.QenJITh uJocnurroBhlii K03$-$rrnaeHT Kne6IUa- rop.QOHa H3 BhlpalKeHHH .QnJI cneKTPOCKO-
nH'!CCKHX $aKTOPOB: 

T2M2 Bfl(s; 1,2)=C B(s ;1,2). 
T

1 M I lp. 
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Ta6ne~a I. XapaKrepactHKH napHwx BetBel BOSOYKAeHHH 

E o 3 0 H H w • • • nJIHty,nw 
o(KS 

~ 
UJK 

ld5/2 2S1/2 1 dJt2 ! f 112 2.P312 li 5/.Z 2 P112. J./) 912. <••• 
-4 .6JJ -.769 -.081 -.029 .006 ·007 .004 .007 1),80 

-3 .604 .560 -.556 -.124 .02) .026 .015 .027 1),06 

-2 .)94 .258 ·775 -.435 .055 .059 .0)4 .061 10.87 

-1 .)75 .224 .J67 .992 .)20 .)10 .1'(6 .282 3.07 

+1 .2)9 .141 .217 ·422 .8)0 ·582 -324 .413 3.07 

+2 .052 .030 -046 .oeo -.6)2 .678 .3)7 .196 8.)0 

+3 .004 .002 .004 .006 -.023 -.467 .884 .022 10.17 

+4 .044 .026 .0)8 .06) -.13) -.290 -.179 -935 14.19 

Tao~·~• 2. Cne .. poc•onnec .. e ~ .. opw ( t, p) pee•u•A 

~po- e·(Sokcn) E(Tcop) CneKtpocKonHqecKae ~Kropw Me'l'O;Il 

~····· 
(MSoS) (MSoB) fd"l 2 S-1/l • d 3/2. <?112 2pit2 HS/2 2P112 L3!1Z BLl'l.HCJl• 

46ca 
I 

o.o 0.0 .402 .240 .387 .'187 .512 .442 .249 • 374 TJ 

46ca o.o o.o .)53 .211 .346 ·935 .)02 .292 .116 .266 T2 

46ca 5.46 5.96 .099 .057 ,079 .ooo .622 .428 .2)8 .294 TJ 

46ca 5.46 6.04 .2)9 .141 .217 .422 .830 -582 -324 .41 T2 

4Bca o.o o.o • 323 .191 .300 .652 .807 .617 .345 .465 T3 

4Bca o.o o.o .239 .141 • 217 • 422 .8)0 .582 .324 .413 r2 

46Ti o.o 0.0 .455 .211 .439 1.087 -418 • 393 .226 • 360 ''3 

46Ti o.o o.o .474 .283 .464 1.255 .40) . 392 .223 • 35'1 ''2 

46Ti 4.97 8.15 .070 .040 .048 -.100 .664 .438 .243 .293 TJ 

46Ti 4.97 6.04 .239 .141 .217 .422 .830 .582 .)24 .413 T2 

48Ti o.o o.o • 394 .2)5 • 379 .967 -501 .433 .244 .)66 TJ 

48Ti o.o o.~. • .347 ,207 .)40 -918 .29u .287 .1b3 .2bl ·r2 

48Ti ).88 5.96 .099 0.?7 .079 .ooo .624 .429 .238 .295 TJ 

48Ti 3.88 6.04 • 239 .141 .217 .422 .8)0 .582 ,)24 .413 T2 

50Ti o.o 0.0 .)18 .188 .295 .uJ8 .804 .bl) .342 .461 ·n 



00 

ll,ltpo- El')KCn) E"treop 

MBia6Hio {MaB) (MaB) tJ 511 251/Z 

50Ti o.o o.o 239 .141 
48cr o.o o.o 415 .247 
48cr o.o o.o o4JJ .259 
50cr o.o o.o .)80 .226 
50cr o.o o.o .JJ5 .200 
50cr 2.66 5.95 .100 .058 
50cr 2.66 6.04 .2J9 .141 
52cr o.o o.o .Jll .184 
52cr o.o o.o .2)9 .141 
54cr 0.0 o.o .)18 .188 
54cr o.o o.o .338 .199 
52p. o.o o.o -345 .205 
52p. o.o o.o .)06 ,183 
54p. o.o o.o .300 o177 
54p. o.o o.o .2J9 .141 

ll,ltpo- ~(:;.Ken) E~(Tcop) 

lfB88HL (M38) (M3B) 1d512 251/2 

56Pe o.o o.o .313 .184 
56p. o.o o.o -338 .199 
5Bp. o.o o.o .316 .186 
58)1'8 o.o o.o .414 .244 
56Ni o.o 0.0 .275 .162 
56Ni o.o 0.0 .239 .141 
51>!11 o.o o.o .302 .178 
5Bpi o.o o.o .)38 .199 
60•1 o.o o.o .Jll .182 
60Ni o.o o.o .414 .244 
62Ni o.o o.o .311 .182 
62Ni o.o o.o .478 .282 

TaOn•ua 2 (npo~onzeHae) 

CnexrpocKonHQecKHe ~K~OPY 

id 3/2 11 7/l 2. P311. 1f~l2 2 Pill 

.217 o422 .830 .582 .324 

.400 .992 .)81 .J6J .205 

o424 1-145 .)70 -358 .203 

.J65 -932 .482 -417 .235 

.)28 .887 .286 .277 .157 

.080 .coo .627 -430 .239 

.217 -422 .830 .582 .324 

.288 .619 .798 .60b .JJ9 

.217 -422 .830 .582 .324 

.289 .555 .877 .7JJ .410 

.307 0 597 1.174 .823 .458 

.)32 .847 o438 . 378 .21J 

o)OO .810 .261 .253 .144 

o277 ·583 o787 ·595 -332 
.217 .422 .830 .582 .324 

Taonaua 2 (npoAo~eRHe) 

CneKrpocKonuqecKae ~xropw 
1 d !12 '1112 2P31Z 1f5/2 2ptl2 

.283 o538 .873 .728 o407 

.307 o597 1.174 .823 .458 

.281 .473 0 786 .815 o457 

.376 0 731 1.438 1.008 .561 

.253 .522 ."158 .568 oJl7 

.217 .422 .830 .582 .324 

.273 .510 .862 .717 o401 

.J07 -597 1.174 .823 .458 

.276 .458 .782 .808 .454 
·.376 .731 1.438 1.008 .561 

.271 .384 .4)8 .869 .489 

.434 .844 1.660 1.164 .648 

1 ~ 311. 

.413 

.)28 

.)26 

.)52 

.252 

.295 

o41J 

.45& 

.413 

.550 

.582 

-320 

.230 

-446 

-413 

J ~9/l 

.545 

.574 

.619 

0 715 

.423 

.413 

.535 

.584 

.614 

.715 

.677 

.826 

WeroJl 
BW'IHCJI. 

T2 

·rJ 

'r2 

'l'J 

T2 

1'3 

'.1'2 

'1') 

T2 

'r3 

T2 

T3 

T2 

T3 

T2 

Mere~ 

BW'IIHCJI. 

TJ 

T2 

TJ 

T2 

'.1.') 

T2 

'rJ 

T2 

T3 

T2 

·u 
·r2 

' ' ., 

1 

I 
I 

\ 
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B ma611. 2 npHae)leHhl JHa'lCHHR B(s ;1,2) )lnR(t,p) peaK· 

UHH Ha H,ll,pax OT ·-16 Ca iiO 62 Ni . P act~eT Bhlnonaen KaK 

B rapMOHH'iCCKOM llpH6nHJKCHHH IT21, TaK H C Y"CTOM aH· 

rapMOHll4CCKRX 3¢QlCKTOB /T3/. 

3. METO.l( PAC'lETA CE'/EHHH PEAKJ.(HH 

Pacl.feT ceqeHHii peaKUHii .nsyxnyKnonnoB nepe,na'l..fH 6bin 

rtpOBC)lCH B paMKaX MCTO)la HCKaJKCHHbiX BOn!l IMJ1BI, 
n rrpH6nu~eHHH nynesoro pa~uyca B3aHMo~eHcTBHH H 6e3 

yl.feTa CllHH- opfiBTftJlhHhlX CHn B KaHana X. B TaKOM npHfiJIH

>KeHBll )lR¢QlepeuqRanhHOe ce'tCHRe peaKUHH A( a, b) B 3a

liHCbiBaercx B BH.D:e 
T'T' 2 (~) . ~o; 2]"+1:;: h~T(C o 

d!1\\Jlll 21'+1L,S,J,l' TT0Hi 
) al.SJT (@), 

1 ~ b2 
r)le 1' , · CllHHbi Ha1.faJ1bHOrO H KOHeYHOrO .R,nep; S'l' • 

' ' '10 . 
CITHH ·HJOCITHHOBhiB $aKTOp lilnR (t,p) peaKUHB b~T-1 . I, 
T, T · ( T 0 , T~ ) • HJOCITHH aaqam.aoro u KOHe.fuoro Jl)lep 

1 e ro z - npoeKunnl, L , S , 1 , T, M - op6uram.Hhlii MOMeHT, 

CllHH, ITOJ1Hhlii yrnosoii MOMeHT, H30CllHH H Z • npoeKJ.tH.R 

H30CllHHa nepe.nasaeMOii napbl HyKJlOHOB. 0 O • HOpMaJIH • 

JaUHOHHhlB $aKTOp npu6nHlKCHHll Hyneaoro pa)lHyca *. 
19/ 

BenH'IHHa " l.SJT onpe)lenJICTCJI ablpaJKeuHeM · lo6o3-
Ha'ICHHll CTaH)lapTHhlel: 

a 
LSJT 

(8 )= 18.54 10-4 ~'a~'b kh B
2 

2S+1 k A2 
a 

L LM M 2 
I I I re e 1e e L pe (8)1 ' 

M=- L f e a h a h h 
a• h 

"]J.o =-~ f dp <llOs(p)/9/. Bhi6Hpan<llo5 (p)=C·expl-p 2/ 
/3 < r >I /IO; 3HeprniO CBJIJB rpnroaa < ; 8

1
48 Af3B, cpe)l· 

aeKaa)lpaTH1Hblii pa)lnyc rpnroua <r2 > L 2 = 1,68 <PM, 

nonyqaeM 0 0 = 2,83.104 <J>M3 Af3B2.'3ro JHaqeane D 3 nc· 

nonhJOsanoch B HalliHX pac4erax. 

10 

{J / 

Ilo cpaBHCHHIO C pa60TOH . ' B HHTerpane nepeKph!THll 

1 f d (-)( A (+I 
C e L= r )(e -8 r) U ( r) )( (r ), O)lHOHyKnOHHall BOn· 

8 b h LS.JT e 
BOHall <!JYHKUHJI JaMCHCHa Ha. 8 BOnHOBY!O <!JyHKUHIO napbl 

HYKnOHOB ULS!T (r), KOTOpall Bbl'iHCnHnaCh ITO MCTO)ly 

rneH)lCHHHHra /10/ ul.Sjl(r)=~GNLSJT uNl(r), r)le UNL(r). 

ti>YHKU.HJI rapMOHHlteCKOrO OCU.HJIJlJITOpa, OllHCbiBaiO~aJI. )J.BH· 

lKCHHC UCHTpa MaCe napbl. IlapaMCTp pa3MCpHOCTH O)lHO· 

qacTH'tHOro rapMOHH'tecKoro ocuHnnHropa ii/ m w = (. 9 A1 /~ + 

+. 7) <PM 2/11; 

,L\nll pacqera crpyKTYPHhlx <!JaKropoa G NLS JT uc-

nonhJOBanHch cneKTpocKonuqecKHe aMnnHTYilhl B(s;1,2)" 

= B(nej, 1,2 ), pacc'IHTaHHhte a paJ)lene 2. 
HanpHMCp, )lnH HHTepecyiOUUIX Hac 0 + ~ o+ nepeXO)lOB 

MClKilY qeruo·qeTHhiMH ll)lpaMH I o6oJHa'leHHH craH)lapr

HbiCI /1 O/: 

G =L B (nl' j;1,2)(-1/ Q, <n'O;NO;Oinl' 
NOOOinf· n 

; ni',O>-,• i +L2 
2 f + 1 . 

• •J 
(+)( (-)) 

HcKa>KeHHbte aonHhl x . x BO BXO)lHOM IBhlXO)lHOMI 

Kauanax uaxo.n:HnHch ttacneHHMM BHTerpaposaHHeM ypaBHe

HBH lllpe.nanrepa c onruttecKHM norenuuanoM BBJJ.a: 

V(r)=VK(r)-V0(t.expx)-
1
-i(W

0
-4Wildxd' )(l+exp x ·· )-~ 

r)le X=(r-R)/a;x'=(r-R')/a';R=r 0 A 1 13 ;R'~r 0A
1 /3 

Vj( (r) • KynOHOBCKBB ITOTCHUHan paBHOMCpHO JapRlKCHHOH 

c¢ephl pa)lHyca r A 11? 
llpn pacqere K (t, p) peaKunii ncnonhJoaanuch cne)lyiO· 

IUHe napaMeTpbl )lnR t(p) /! 2 ,!3/.: V O = 165.4(56.5-0.3xEPCM); 

w
0

= 16.4(0.0); w0 = 0.0(15.5); r o= 1.16( 1.25); r 0 = 1.5 (1.25); 

'K= 1.3(1.25); a :0.75 (0.65); a' ~0.75(0.47). 

rny6Bllbl llOTCHUBanOB )laHhl B C)lBHBUBX Af3B, OCTanh· 

Hble BCJIH\.fBHbl • B C,!l;BHHUaX t/JM. 

4. 05CY)J(,4EHHE PE3YJibTATOB 

A. flpelK)le '!CM npnao)lHTh peJynhTaTbl pacqeroa, ue· 

o6xo)lBMO oTMCTBTh, 'ITO MHB a npn6nnJKCHBB ayneaoro 

II 

• 



pa).lHyca B3aHMO,Aeii:CTBHH He ,D,aeT npaBHJihHOrO 3Hai.JeHHX 
a6corriDTHoro Ce'!eHHH peaK~HH ABYXHYKITOHHOH nepena· 
'IH /14,15/. B rrHreparype yKaJLIBarorcH crrenYIDlliHe npa
'-IHHhi paCXO)f(,llCHHH: rpy60CTh npe.n;nonO)f(CHHJI 0 HyneBOM 
pa.nuyce B38HMO,D,eHCTBHH, HCll0llh30BaHHC CllHWKOM ynpo· 
!lleHHLIX BOITHOBLIX <jlyHKUHH AITH nepenasaeMOH napLI HyK· 
JIOHOB H ,I!.JI.R TpHTOH8, H BJIHJIHHC ,I!.pyrHX K8H8ll0B peaKIJ,HH. 
~eii:CTBHTeJihHO, npH yi.JeTe KOHC'-IHOCTH P8JlHYC8 B38HMO· 
n.eiicrBHH 'lsl MO)f(HO ynyYWHTh cornacue c 3KcnepuMeH· 
TOM. TeM He MCHee, 6biJl0 llOK838HO, '-ITO, ao~nepBhiX, 
OTHoweHHH cel.feHHii H yrnoahie pacnpe.o.eneHHH, nonyl.feHHhle 
s 3THX pacYerax H B rrpu6JIH)f(CHHH Hynesoro pa,[(uyca, 
npaKTHI.JCCKH COBll8.ll.8lOT, BO- BTOphiX, HCllOflhJYCMbtH MCTO,D. 
pacYeTa '-lpC3Bhi'-18iiHO !PY,D,OeMOK, 4TO He ll03BOJIHCT uc
ITOllh30B8Tb ero ,ll,JIJI CHCTeM8THI.JCCKHX Bhi4HCJieHHH. K CO· 
>KanenHJO, noKa npoae,D,eHo cnuwxoM Mano no;::to6HbiX pacye
TOB, '-IT06hJ MO>KHO fihlJIO C,D,Cll8Tb TBep,lJ,bJe 38KJIIOI.JCHHJI 06 
YHHBCpC8llbHOCTH OTMC4CHHWX 38KOHOMCpHOCTeii, O,[(H8KO 
H8)lC)f(,lJ,8 H8 TO, '-ITO OTHOCHTCllbHhle 3H84CHHH CC'-ICHHii H 
yrJIOBblC pacnpe,n:eJleHHH MO)f(HO Bb14HCJIJITb B npu6llH)f(CHBH 
Hynesoro pa.o.uyca B38HM(rl,n:eiicraHH .nocTaTO'-IHO xopomo, 
CYUlecrayer. 

5. Ha puc. 1-5 H a wra611. 3 npaaeneHLI peJYITLra TLI pac
'!eTOB AH<I><!>epeH~HaiTbHLIX Ce'leHHH HeKOTOpLJX (t, p) peaK· 
UHfi H 3KCllCPHMeHT8llbHbie .ll8HHhiC '12 ,16;'. 

Pacl.feThi npoaeJJ,eHw c rpeMx ua6opaMu cneKrpocKonu
'lecKHX <jlaKTOpoa; OAHa o6onoqeqHBH KOH<j>Hrypa~H'JI I I O/ 
/Tl/; rapMOHH'leCKOe npH6ITH>KeHHe /T2/: pac'<eT C y'leTOM 
8HrapMOHHI.JHOCTH B paMKaX MCTO,ll;a, H3JIO>KCHHOro B pa3-
nerre 2 /T3/. 

CneKrpocKonuqecKue <jlaKropw nocrrenHax ABYX Monenea 
UpHBeAeHLI B MQ611. 2. llpH aHanHJe HHTeHCHBHOCTeH peaJ<~HH 
cpaBHHBBITHCL JHa'leHHJI Ce'!eHHH <a>=da/dfl[<'JCM=12.5°]. 

llpn aHanaJe yrnoawx pacnpeneneHHH peJyrrLrarw pac
'!eros s paMKax MHB yMHo>KarrHCL Ha N0 = <a>3Kcn /<a> 
KOTOpbie Bb16Hp81IHCh OT,ll;CJihHO ,ll;JlJI K8>KJJ.Oii peaK~HH "' H 
npnseneHLI s wra611. 3. 

* ~nll ""Ca(t,p)48Ca /E*= 5,46 M3B/(da/d0)MHB 
YMHO>KarrocL He Ha N 0 = 16,8 !ma611. 3/, aHa No=10, '!T06hl 
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B. 0TMCTHM uexorophle oco6eHHOCTH nonyYeHHWX pe-
3YJihTaTOB. 

1. KaK BHAHO HJ wra611. 2, s ce'leHae peaK~HH 6ynyr na
B8Th 3aMCTHhiii BKJia,ll; KOH$urypau.HH, 3Hal..fHTellhHO y,o;aneH
HLJe OT UOBepXHOCTH <l>epMH. 3TO yKaJLIBaer Ha Heo6XOAH" 
MOCTL pacqeTOB B 60ULUJOM KOH<j>Hrypa~HOHHOM UpOCTpau
CTBe. 

2. B rapMOHH'leCKOM npH6ITH>KeHHH OTHOCHTenLHOe pac
npe,o;eJICHHe CfieKTPOCKOfiHI.JCCKHX aMllJIHTY,ll; flO 060JIOl-fei.JHbiM 
KOH<burypauu.RM OCTaeTCJI llOCTOHHHbiM H nponopU,BOHaJibHO 
crpyKTYPHLIM KOHCTaHraM a 1 , /ma611. 1/. Y'ler aHrap
MOHH'-IHOCTH npnBO,llHT K 6onee peaJIHCTHYCCKOii :KapTHHC, 
B KOTOpOii llOJIQ)f(CHHe MaKCHMYMa 8MIIJIBTY,D; npH .U068BJICHHH 
HCiiTpOHOB CMCll.l8CTCH B CTOpOHY 6onee BbJCOKOJie)f(aUUfX 
KOH$arypauuR B COOTBeTCTBHH C llOPJI.Il.KOM 3allOJIHeHHH 
yposHeH. 

3. BnHHHHe aHrapMOHHYHOCTH Ha ceYeHue peaxuuu npo
me acero ou.eHHTh TaK, KaK 3TO .o;enanoch a nepablx pa6o
rax ITO H3YYCHHIO CBOiiCTB ''rrapHbiX" Q+ -coCTOHHHii, nona
rax, '"ITO BCJIHl-IHHa CCI.feHHH nponopUHOHanbHa KB8,Apary 
MaTpu;H_?fO 3llCMeHT8 OT oneparopa nereJJ,~l.JH, .llBYX HyK· 
ITO HOB . I' •. HanpsMep, nnH peaKuHii (p, t) 5 - 62 Nt( E *= 0. 0) 
HMCCM CJle,llyiOUJ;He COOTHOUJCHHH HHTCHCHBHOCTeii: a/ .)J<• 

cnepHMeHrarrLHoe/ 181 1/1.36 I 1.·10 1 1.26 *; 6/ s rapMo
HHt.tecKOM rrpu6nu>KeHBH l/ 2/3 / 4 ; a/ nocne yqera aH • 
rapMOHH'leCKHX :>q.jleKTOB /pa3nen 2/ · 1/1.36/1.41/1.25; 
r/ s pora~HOHHOM npenerre I crry'laii npenerrLHO cHIThHLIX 
napHLIX KOpperrJI~HH /Z/ I - 1/1.20 I !.29/ 1.33. Banao, 
'-ITO B JIYl..fWCM CornaCHB C 3KCnepHMCHTOM H8XO.Il.RTCR pe· 
3Y1IhT8Tbl p8CYeTOB C Y' ... leTOM aHrapMOHB'-IHOCTH, npH"--CM 

JIYl-IWBM 06p830M BOCllPOH3BeCTH 3KCIIepHMCHT8JlhHOe yr
nosoe pacnpenerreHHe. B ocrarrLHLIX crryqaJIX No. , sw6paH
aoe no OTHOWeHHffi Ce'leHHH Ha yrorr 8 CM = 12,5° HNo , 
BLI6paHHOe TBK, 'IT06bl ITY'IWHM o6paJOM BOCUpOHJBeCTH 
yrnoaoe pacnpe.nenenue, npaKTHlfecKH cosna,naiOT. 

* CornaCHO /l 9 / COOTHOWeHHe HHTCHCHBHOCTeii HeCKOJlh· 
KO HHoe: 1/1.19/1.1'3/1.06. ~ITJI (t,p) ffi-IDNj p.eai<~HH 
see OTHOWeHHJI HHTeHCHBHOCTeH 6nHJKH K enHHH~e /16/. 
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TaOAHga 3. lll!<W>epea!Uianawe ce.eHHH (f, p) peax~al 

r 
E" ~;;_ [ M~Yop , e,N •12.~ N. I illpo- Et 

L,Hmesb (W3E) (Ya~) SKcnX/ TI T2 T3 TI T2 T3 ! 
~ 

I 46Ca ll.96 0.0 1.48 .040 .)7 .64 37. 4.0 2.) 

I 4Dca 11.96 5.46 ).00 .ll.2 .45 • 18 27 • 6.7 16.8 
I 48ca 11.97 o.o ).24 .095 ,JB .47 )4. 8.5 6.8 I 

46Ti 1).0 o.o 1.10 .055 • 57 • 54 20. 1.9 2.0 
46Ti 1),0 4.97 .41 .1)4 .5J .20 ). o.a 2.0 
48Ti 1).0 0.0 .96 .)4 .29 .51 28. J,l 1.9 

I 
48Ti 1).0 ).88 1.24 .120 .48 .19 10. 2.6 6.6 
50Ti 13.0 o.o 2.)8 ,099 .)9 • 48 24 • 6.1 5.1 
50 Cr 1).0 o.o • 57 .0)1 .25 • 44 lB • 2.2 1.) 
socr lJ.O 2.66 • 57 .122 .49 ! 1.2 2.9 .19 I 5. 
52cr 1).0 o.o 1.44 .108 .4) .51 1). ).) 2.8 
54cr 1).0 0,0 J,lJ .08) .05 .46 )8. 4.8 6.7 
54Pe 1).0 0.0 1.12 .107 .42 .48 10. 2.6 2.) 
56 Pe 1),0 0.0 1. 70 .090 .70 .49 19. 2.4 ).5 I 58Pe 1).0 0.0 2.51 ,01) .84 .40 19). ).0 6.) 
511u 12.15 o.o - .096 .75 • 51 - - -
60Ni 12.12 o.o - .014 .96 .45 - - -
62ra 12.05 o.o - ,016 1.08 .29 - - -

xj CwotpM nyHKt E paa~ena 3. 
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COOTHOWCHHJI HHTCHCHBHOC1 ell UMelOT llpOMC>KYTO'JHYIO BC • JIH'IHHY MelK,!IY BHOpaUBOHHbiM B poranUOHHbiM npe,l\ellbHbiMH 3Hal.JCHH.RMH. 3TOT BbiBO.U uaXOJlHTCJI B cornaCHH C pe3ynb· TaTaMB paooT 17,8,13 I, rAe OTMe'lanoch, 'ITO paccMaTpuaaeMaH OOJiaCTb H,l\ep, no·BB,I\BMOMY, COOTBeTCTByeT 00" naCTH MC>K.ltY HOpMaJ1bHbiM H CBCPXTCKY'JHM COCTORHHJIMH. Bnpo'!eM, K llOAOfiHbiM oueHKaM neofiXO,I\BMO OTBOCBTbCJI BCCbMa OCTOpO>KHO, fiOCKOJ1hKY B TaKOM npH6DHJKCHBB non· HOCTbiO urHOpHpyiOTCH OCOOeHHOCTH KOHKpeTHbiX peaKJlHH. 
CpaBHCHHC OTHOWCHHii paCC'JHTaHHblX TCOpCTHl.JCCKHX ce'lenuii I ma611. 3/ c cooTuomeHHHMH KBaApaTOB MaTpH'IHbiX 311eMeHTOB OT onepaTopa nepe.uaqu .uayx HyKnouoa noKa· 

3hrnaer, "'TO pe3YllhTaThl BhPIHcneHHii a paMKax MHB Ha· XO.URTCJI B CHJ1bHOM paCXO:>t<.UCHHH C llO,Il;06HWMH Kal.JCCTBeH· 
HhiMH OU,CHKaMH. 

4. npu y'leTe CMeiiiHBaHHJI KOHcjJHrypaUHB yrnOBble pacnpe,l\eneHHH jpuc. J-5/ MeHJIIQTCH O'leHb He3Ha'IHTeJibHO. 
OcHOBHOii 3cixbCKT npOJIBn.AeTCJI a nepeHopMupoBKC KOHCTaH • 
Tbl N 0 . 

EcnH npe.unonO>KHTh, liTO B celleHue peaKUHH:faeT BJ<na.n TOJibKO O.I\Ha ooonoqequaJI KoucjJurypauuJI ( n f j )0 + I ma611. 3, T 1/, TO ceqeHHe nonyllaeTc.A 3Ha4HTenhHO MCHhWe 3Kcnepu • MCHTaJ1hHOrO H Ha611IO)J.aCTCH O'JCHb 60J1bWOii pa36poc 8 Be· nuqnHax N
0 

, liTO He no3BOJ1ReT npasunhHO aocnpoH3BO· JlHTh HH a6COJ1lOTHbiC ,HB OTHOCHTCJ1bHbiC 3HalJCHHB. CCl.JCHHii /eM. TaKlKe /l•l •20 ' /. Y'leT cMemuaauuH KoucjJurypauuii 1!2 • !3 ,20I u ma611. 3 /T2, T3/ / npuaOAHT K yJiy'l
weHHIO cornacua c 3KcnepHMCHTOM. A6conJOTHbJC 3Ha1.feHHJI CClJCHHii DO cpaBJICHHlO C lJHCTO o60J10liC'JHbiMH pacqeTaMH yBeJIHliHBaiOTCJI, H '18CTO BCCbMa 3Hal.JHTeJlhHO. ·Pa36poc B 3H81.JCHHJIX NO COKpaiQaeTCR, HO BOCfipOH3BCCTH COOTHO· llleHHJI BHTCHCHBHOCTeii BO aceii o6naCTH R.QCp C O.QHOii H TOii 
lKC aenR'IHHOli N 0 ue y,l\aeTCH. 

5. PaccMaTpuaaa nepexoAbl a nepable ao36YlKAeHHble "napHbiC" Q+ ·CQCTOJI.HHJI HJlCp, OTMeTBM, 'ITO KaK npOCTaJI au6pauuouuaa MOAenh, TaK a pac'teTbl c y'leTOM aurapMouuquocTB npeACKa3b!BaiQT uanH'IHe CBJibHO B036ylK,llaeMbiX B ( t • p) peaKIJ;HJIX "napHbiX" KOJIJleKTHBHbiX 0 + • COCTOJIHHii, ecnu qucno ueliTpOHOB JI.I\pa-MBIIIeHB N M< 28, u oTcyTCTBHe 
ux, ecnu N~~~28, l.JTO uaxo.uurcs: B cornacuu c 3KCnepuMeH· 
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TanbHbiMB ,1\aHHbiMH. B poTauuouuoM npe,l\ene ace paccMaTpuaaeMLie B030ylK,lleHHble COCTOHHBB COOTBeTCTBYIQT t\. "BH· opaUBOHHbiM COCTOBHBJIM I I ' 2 'S I H nepeXO,I\bl B 3TH COCTOJIHHB JI,I\pa·MBIIIeHH 3anpellleHbl. no cpaBHCHHIQ C npe,I\CKa3aHHHMB BHOpaUBOHHOH MO,I\enH, y'leT aurapMOHH'IHOCTH npHBO,I\HT K yMeHbllleHHIQ aepOHTHOCTH nepeXO,I\a B paCCMaT
puBaeMbiC B036y>K.Il,eHHbie COCTOJIHHJI KOHeliHOrO R,npa, lJTO T8K)KC H8XO.QHTCJI B KalJCCTBCHHOM COrJiaCBH C 3KCDCpHMCH • 
T8JlbHbiMB ~aHHbiMH, T8K KaK BH6paiJ;BOHH8JI MO.zteJib nepeoueHHBaeT 3TH OTHOWCHHJI /I 2 ' l:l/ 

OTMeTHM TaK>Ke, lJTO KaK pacqeTLI a paMKax o6onoqeq· 
HOii MO)l;CJ1H C napHbiMH OCTaTOliHbiMH CHJ18MH /l 3 • 20/, TaK H H8WH Bbll.JHCJICHBJI nepeOIJ;CHHBaiOT 3KCllCpHMCHT8JlhHbiC 3H81.JCHHJI 3HCprHH "napHbiX" Q+ • COCTOJIHHii. llpu OTXO~e OT 
Marul.JeCKHx JIJJ:ep cornacue c 3KcnepuMeHToM yxy.uwaeTc.H. HaonwAaeMble a peaKunax ABYXHYKJiouuoii nepeAa'IH cunbuoB036y)K,lJ.aCMbie Q + • COCTOHHHJI Jl,nep onycK8lOTCJI flO 3Hep· rHRM, a B Jl,npe 52 Cr T8KOe COCTO.RHHe CT8HOBHTCJI HH)Kaii:WHM, XOTJI, KaK npaBHJlO, nepBhie Q+ ·.COCTOJIHBJI HMeJOT KBa,l\pynonbHYIQ npHpO.I\Y H npaKTH'IeCKB ue BH,I\Hbl B ,1\aHHbiX peaK!lHBX. Bee 3TO yKa3biaaeT ua aalKHOCTb y'leTa Apyrux BH.QOB OCTaTOlJHOrO B3aHMO.UeiiCTBHJI, HallpHMCp, KBa,npy· nonL • Kaa,npynonLHLIX cun. 

5. 3AKJI10'1EHHE 

npoBe,l\eHHble pac'leTbl npo,l\eMOHCTpHpOBaJIH fiJIO,I\OTBOp· HOCTL OUHCaHHJI CBOB:CTB "napHbiX" Q+ ·cOCTOJIHHii JI,Aep 
B paMK8X MOJlCJIH, Y'JHTLIB810IQCii: He60JILWOC lJHCDO KOJ1· 
neKTHBHbiX cTeneueii caooo,l\bl. Y'leT CMewuaauBH KoucjJurypauuii noJaonaeT cyllleCTaeHuo yny'liiiHTb cor11acue c 3KcnepuMeHTOM no cpaaueunw c npeAcKaJauHHMB qucTo ooono
qequoii Mo.nena. 

BnuJiuue aurapMOHB'IHOCTH ua ceqeuue ( t , p) peaKUHB He CTOJIL 38MCTHO, K8K 3TO 6biJ10 npu paCtJCTe 3HepreTH· 'leCKHX cneKTpOB B036ylK,I\eHHB. no3TOMY TPYAHO C,l\enaTL onpe.neneHHble BLIBO.Uhl o xapa~erepe "napuoro" KonneKTBB· uoro ABHlKeHHH a paccMaTpuaaeMoii o6nacTB JI,I\ep. ~nH oonee )ICTaUbHbiX Bb!BO,I\OB MOryT llOHa,I\OOHTbCB paC'IeTbl ( 3 He,p) ,( 3He,n) (p,t) -peaKuuli. 
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